**************** 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 




Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live'' 



IS 11292 (1985) : Determination of relative reducibility of 
iron oxides : lump ore^ sinter and pellets [MTD 13: Ores and 
Raw Materials] 




Jawaharlal Nehru 
'Step Out From the Old to the New" 



aj^&vi iJii^s:y%K^ isb^^ni^seg 



:<>5&i| mT'5K^5?::5:^>^i»l 



K^^^iXSVCd^ 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 



Bhartrhari — Nitisatakam 
''Knowledge is such a treasure which cannot be stolen" 




^'^^^r 



k 




BLANK PAGE 



^*-^^^ 





PROTECTED BY COPYRIGHT 



JSM129Z. 1985 

(Reaffirmed 2003) 

Indian Standard 

METHOD FOR DETERMINATION OF 
RELATIVE REDUCJBILITY OF IRON OXIDES; 
LUMP ORES, SINTER AND PELLETS 



UDG 66D^ 3 73*2 : 543 Z42 62 




ig) Ctfjtrighi 1985 
INDIAN STANDARDS INSTITUTION 

MANAK PKAVAN, S BATiAtJUR SHAH ZAT^VR MAUO 

MEW DELHI 11004)2 

Or 3 ^'^oumber 19«5 



IS : 11292 - 1985 

Indian Standard 

METHOD FOR DETERMINATION OF 

RELATIVE REDUCIBILITY OF IRON OXIDES: 

LUMP ORES, SINTER AND PELLETS 

Ores and Raw Materials Sectional Committee, SMDG 16 

Chairman Representing 

ShbiL. D. SamaHt Ghowgule & Co Pvt Ltd, Mormugao Harbour 

( Goa ) 

Members 

Shbi V. K. Agbawal Hindustan Aluminium Corporation Ltd, Renukoot 

Shri M. I. Ansabi Regional Research Laboratory, Bhubaneswar 

Shbi S. V. Bhagwat Indian Ferro Alloy Producers Association, Bombay 

Shbi A. Biswas R. V. Briggs & Co (P) Ltd, Calcutta 

Shbi K. P. De ( Alternate ) 
Db Amit Chattebjee Ipitata Sponge Iron Ltd, Jameshedpur 

DiBECTOB ( Central Petrology Geological Survey of India, Calcutta 

Division ) 
Shbi D. Ghosh Indian Aluminium Co Ltd. Calcutta 

Shri R. RamachaNdbaN ( Alternate ) 
Shri S. Y. Ghorpade Sandur Manganese & Iron Ores Ltd, Yeswantnagar 

Shri K. N. Gupta National Metallurgical Laboratory, Jamshedpur 

Shri V. K. Lakshmanan Tata Iron & Steel Co Ltd, Jamshedpur 

Shbi B. N, Singh ( Alternate ) 
Shri Manjit Singh Steel Authority of India Ltd ( Bokaro Steel Plant ), 

Bokaro 

Shri M. P. Sinha ( Alternate ) 
Shbi R. C. Mehba Minerals and Metals Trading Corporation ©f India 

Ltd, New Delhi 

Shri P. C, Ghaturvedi( Alternate ) 
Shri M. N. Mitra Mitra S. K. Pvt Ltd, Calcutta 

Shri R. N. Banebjee ( Alternate ) 
Shri N. K. Mukhebjee Mineral Development Board, New Delhi 

Shbi K. S. Mani ( Alternate ) 
Db S. G. Nbne Bharat Aluminium Co Ltd, New Delhi 

Shbi K. B. Naib ( Alternate ) 
Db N. Prasad Steel Authority of India Ltd (R&D Centre ), 

Ranchi 

Db T. M. SbinivasaK ( Alternate ) 
Shbi G, S. Ramakbishna Rao National Mineral Development Corporation Ltd, 

Hyderabad 

Shri S. Babpanda ( Alternate ) 

( Continued on page 2 ) 



© Copyright 1985 

INDIAN STANDARDS INSTITUTION 

This publication is protected under the Indian Copyright Act ( XIV of 1957 ) and 
reproduction in whole or in part by any means except with written permission of the 
publisher shall be deemed to be an infringement of copyright under the said Act. 



IS : 11292 - 1985 

( Continued from page 1 ) 

Members Representing 

Shri G. V. U. Rao Bhabha Atomic Research Centre, Bombay 

Shbi N. K. Rao ( Alternate ) 
Shri K. V. Rao Kudremukh Iron Ore Co htdy Bangalore 

Shbi A. K. Saha National Test House, Calcutta 

Shbi A. K. Dutta Gupta ( Alternate ) 
Shri D. K. Sengupta M. N. Dastur & Go Pvt Ltd, Calcutta 

Shbi D. Pal ( Alternate ) 
Shbi G. K. Shah Gujarat Mineral DeveJopment Corporation Ltd, 

Ahmadabad 

Shei S. V. Jhala ( Alternate ) 
Shbi B. M. Soob National Test House, Calcutta 

Shri T. K. Dutta ( Alternate ) 
Shbi N. N. Subbahmanyan Indian Bureau of Mines, Nagpur 

Shri K. SatyaKabayaka ( Alternate ) 
Shri J. Talwar Indian Iron & Steel Co Ltd, Burnpur 

Dr yi. M. Ghakbavarty ( Alternate ) 
Shei U- C. Tiwabi Metallurgical and Engineering Consultants ( India ) 

Ltd, Ranchi 

Shri S. K. MAJTDAXi ( Alternate) 
Shbi P. S, Venkatachalpathy Engineering & Mineral Industrial Research 

Laboratory, Bangalore 

Shri P. S. V. Anantnabayana ( Alternate ) 
Shbi K. Raghavendban, Director General, ISI ( Ex-officio Member ) 

Director ( Struc & Met ) 

Secretary 

Shbi S. K. Gupta 

Deputy Director ( Metals ), ISI 



IS : 11292 - 1985 

Indian Standard 

METHOD FOR DETERMINATION OF 

RELATIVE REDUCIBILITY OF IRON OXIDES: 

LUMP ORES, SINTER AND PELLETS 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards 
Institution on 30 May 1985, after the draft finalized by the Ores and 
Raw Materials Sectional Committee had been approved by the 
Structural and Metals Division Council, 

0.2 The reducibility test helps in choosing the appropriate iron oxide 
feed, while the relative reducibility test aids in a more meaningful 
comparison of different oxide feeds. This standard has been prepared 
to establish uniform practice for the determination of relative reducibility 
of iron oxides: lump ores, sinters and pellets. 

0.3 This standard differs from the existing standard ( IS : 8167-1976* ) 
on reducibility in so far as it expresses the total weight loss at the end of 

DR. 

3 hours instead of ^r^ ^^ 40 percent reduction, where the time is not 

specified. 

0.4 In reporting the results of a test or analysis made in accordance with 
this standard, if the final value, observed or calculated, is to be rounded 
off, it shall be done in accordance with IS : 2-19601., 



1. SCOPE 

1.1 This standard prescribes the method for the determination of relative 
reducibility of iron oxides; lump ores, sinters and pellets. The test is to 
be conducted under specific conditions, for example, isothermal reduction, 
reduction in a fixed bed, reduction by means of carbon monoxide and 
nitrogen mixture, and a sample having a specified size range. 

2. TERMINOLOGY 

2.1 For the purpose of this standard, the following definitions shall apply. 



♦Method for determination of reducibility of iron ore sinters. 
tRuIes for rounding off numerical values ( revised ) . 
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2.2 Reducibility — A measure of the ease with which oxygen combined 
with iron can be removed from natural or processed iron ores with a 
reducing gas. 

2.3 Relative Reducibility — The final degree of reduction attained 
after a prescribed period of time and with other specified condition. 

3. PRINCIPLE AND SUMMARY OF TEST 

3.1 Relative reducibility is determined in a specified range in a fixed bed 
at fixed temperature using a reducing gas mixture consisting of CO + N2, 
thus determining the percent oxygen removal in a fixed time. The 
sample is placed in a reduction tube, which is inserted into a furnace and 
connected to a weighing device. The sample is heated to the specified 
temperature while inert gas ( nitrogen ) is flowing through it. The 
sample is continuously weighed and the loss of oxygen is determined by 
knowing the weight of sample before and after the reduction. The 
cooling of the sample is also done in a nitrogen atmosphere. 

4. SAMPLES 

4.1 The relative reducibility test sample may be taken from the samples 
collected for other physical tests, for example, shatter index test and 
tumbler test. 

4.2 The total mass of the relative reducibility test sample should be 
approximately 500 g, 

4.3 The test sample for lump ore, sinter or pellets shall be in the range 
of— 12*5 mm -h 10 mm. In all cases, alternative size ranges for lump 
ore, sinter and pellets may also be used by agreement between the parties 
concerned. 

4.4 A portion of the sample should be set aside for the purpose of 
chemical analysis, for the determination of total iron amount of oxygen 
combined with iron and loss on ignition. These constituents shall be 
determined by the methods specified in IS : 1493-1959* and IS ; 1493 
( Part 1 )-1981t or by any other instrumental methods. 

5. TEST CONDITION 

5.1 Gas volumes and flow rates in this test shall be measured at standard 
temperature and pressure. 

5.2 The reducing gas for the entire test shall be a mixture of 
CO 30 ± 1 percent ( V/V ), and Ng 70 ± 1 percent ( V/V ) and shall 
be passed through the drying tower or U-tube containing blue silica gel 
following removal of CO2, O2 and other impurities. 

♦Methods of chemical analysis of iron ores. 

fMethods of chemical analysis of iron ores : Part 1 Deterwiination of common 
constituents. 
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5,3 The reducing gas before entering the basket holding the sample 
shall be preheated to 900 ± 10°C, The preheating shall be attained 
in the same reactor. 

5-4 The reduction gas flow shall be maintained at 15 1/min at standard 
temperature and pressure during the entire test period. 

5.5 The temperature of the reduction sample shall be maintained at 
900 d= 10°C throughout the entire bed of the sample during the test 
period. 

5.6 The test shall be performed for 180 min. The sample shall then 
be cooled under a flow of nitrogen. 

6. APPARATUS 

6.1 The apparatus shall consist of the following: 

a) A system to supply and regulate the flow of gases, 

b) A reduction tube assembly, 

c) A continuous weighing device to determine the oxygen loss at 
any tim« during the test, 

d) An electrically heated furnace to heat the test portion to the 
specified temperature, and 

e) Test sieves. 

6.2 The reduction vessel consists of a tube with suitable top and bottom 
flanges to make it leakproof. The heating zone shall be so adjusted 
that the lower part of the zone may be utilized for heating the reducing 
gas to the desired temperature. The reduction tube is suspended in an 
electrically heated furnace on a balance which indicates the variation of 
the mass of the sample continuously during reduction. Nitrogen and 
reducing gas taken from gas cylinders, or other sources, are expanded, 
dried and introduced into the reduction tube. The waste gas is drawn 
off from the upper part of the tube. Caution shall be exercised to 
dispose oflfthe waste gas by burning or by some other appropriate means. 
A calibrated thermocouple, suitably positioned, inside the reduction 
vessel shall be used to record the temperature. A typical arrangement 
of apparatus is shown in Fig. 1 . 

6.3 The reduction tube shall be made of heat resisting non-scaling steel. 
The height of the reduction tube be so adjusted that the tube is in the 
constant temperature zone of the furnace. The space between the furnace 
and the reduction tube shall be sealed. A typical illustration of reduction 
tube is shown in Fig. 1. 
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DETAIL-A 
All dimensions in millimetres. 

Fig. 1 Schematic Diagram of Reduction Apparatus 
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6.4 Furnace — The furnace shall be capable of attaining a temperature 
of the sample 900 ± iO°C in 60 minutes. The entire test sample shall 
be maintained at this temperature throughout the test period. 

6.5 Weighing Device — The sensitivity of the thermogravimetric weigh- 
ing device, which allows in situ measurement of weight loss during 
reduction, shall be ± 0'5 g and with a suitable load capacity. The initial 
mass of the test sample ( mo ) shall be recorded with this sensitivity, 

6.6 Sieves — 10 and 12'5 mm square sieves shall be usedJ 

7. PROCEDURE 

7.1 A pre-dried sample ( dried at a temperature of 150-200'*G ) of 500 g 
shall be inserted in the reduction tube and after placing the heat exhange 
medium under the perforated plate, shall be evened out by tapping. The 
tube, holding the sample shall then be suspended freely from the thermo- 
gravimetric balance without any contact with the furnace walls. 

7.2 The air in the tube shall be replaced with nitrogen. The sample 
shall be heated and while heating, a flow rate of approximately 5 litre 
per minute at NTP of nitrogen shall be passed through the sample. After 
the temperature of the sample reaches 900*0, the flow rate of nitrogen 
shall he increased to 15 litres per minute at NTP during the soaking 
period. The sample shall be then allowed to soak at this temperature for 
30 minutes minimum. The mass of the sample immediately before 
starting reduction shall be weighed and recorded as mi, 

7.3 The mass shall be recorded every 3 minutes for the first 15 minutes 
and thereafter at 10 minutes intervals. 

7.4 The test shall be performed for 180 minutes. The sample shall 
then be cooled under a flow of purified nitrogen. The mass of the 
sample shall then be taken and recorded as m2, 

B. EXPRESSION OF RESULTS 

8.1 Calculation of Relative Reducibility ( Degree of Reduction ) 

8.1.1 The total amount of oxygen combined with iron shall be calcu- 
lated from the chemical composition and the sample mass. The degree 
of reduction attained after 3 hours, referred to as the relative reducibility 
( final degree of reduction ), i?/, expressed as a percentage, shall be 
calculated from the following formula as derived in Appendix A, to the 
first decimal place. 

^^^ mo ( 43 Wi'^^VfW^) ^ ^^^ 
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where 

Mo is initial mass of test sample, in g; 

mx is mass of the test sample, immediately before starting the 
reduction, in g; 

OT2 is mass of the test sample after 3 h of reduction, in g; 
Wx is the total iron content, expressed as a mass fraction, of 
the sample prior to the test; and 

W^, is the ferrous oxide content, expressed as a mass fraction, 
of the sample prior to the test. 

8.1.2 Number of Tests — At least two reduction test shall be carried 
out. If the difference between both the results of Rj are within 
2'5 percent of the mean, the mean may be reported as relative reducibi- 
lity, expressed in percentage, to the first decimal place. In case the two 
tests do not agree to this extent, two more tests shall be conducted and 
this norm fulfilled. 

8.1.3 Calculation of Final Results — The relative reducibility, -R/, 
expressed as percentage, shall be reported as the arithmetic mean of all 
test results, rounded to the nearest whole number. 

9. REPORTING OF RESULT 

9.1 The test report shall contain the following information: 

a) reference to this standard; 

b) total iron, metallic iron and oxygen combined with iron ( FeO, 
Fe304 and Fe203 ) of the test sample, after the test; 

c) the whole oxygen removal time curve, if required; 

d) the final degree of reduction, /2/; 

e) degree of reduction at any time /,/?(( t < 3h ), calculated from 

nil — 1712 

where, 

mt is the mass of the sample obtained from (c) above at any 
time t{t <3h)\ 

f ) the atmospheric pressure at the time of test; 

g) the number of particles in the test sample for calculation of the 
surface area; and 

h) the height of the sample bed before and after testing. 

8 
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APPENDIX A 

( Clause 8.1 ) 

DERIVATION OF THE FORMULA FOR RELATIVE 
REDUCIBILITY 

A-L BASIC EQUATION 

A-1.1 The equation for Rt given in 8.1 is derived from the basic equation 

where 

mt is the mass loss, in grams, of oxygen during 3 h of reduction; 

wis is the mass, in grams, of oxygen combined with iron before 
reduction. 

A-2. DERIVATION OF WORKING EQUATION 

A-2.1 The iron oxides contained in the sample are considered to be 
haematite ( Fe203 ), magnetite ( FeO.Fe203 ) and ferrous oxide ( FeO ). 
The total mass of oxygen, m^) in equation (1) may be obtained from the 
masses of Fe203 and FeO in the test sample before reduction. Therefore, 
ma is given by equation (2), after the total iron content, PTj, and the 
ferrous oxide content, W2, of the test sample have been determined in 
accordance with IS : 1493-1959* 

m,^m^ + m, = mo{ W, ^^ + W^ ^) (2) 

where 

m^ is the mass, in grams, of oxygen in FegOa; 
wig is the mass, in grams, of oxygen in FeO; 
wjo and W% have the same meanings as in 8.1; 
Wz is the iron content, expressed as a mass fraction, in Fe203; 
A^ is the relative atomic mass of oxygen, 16*00; 
^pe is the relative atomic mass of iron, 55*85; 
M is the relative molecular mass of ferrous oxide, 71 '85; 



♦Methods of chemical analysis of iron ores. 

9 
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Noting that 

/\mi = mi — 1712 



H/3 - PKi - ^ W2 



where nip m^-, W\ and W2 have the same meanings as in 8,1^ apd 
substituting m^^ from equation (2) into equation (1), the final degree of 
reduction, Rf, expressed as a percentage, is given by the equation: 

„ ( mi — mo ) X 100 
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